We report on photospheric limb-darkening measurements obtained at the McMath Solar Telescope in 1980 July, September, and October as part of a continuing program to study possible long-term variations in the photospheric emergent flux. A total of 243 usable full-diameter scans was recorded over 7 days in the clean continuum window at 4451.25 A. Individual scans were fitted to a fifth order polynomial in £ = In fi, and a mean limb-darkening curve was derived for each day. The standard deviation of the daily mean of intensities ranged between 0.08% and 0.12% for all jw > 0.15. We note that the limb darkening decreased significantly between September 25 and 26. This change of the limb-darkening curve is not readily understandable in terms of variations in scattered light, seeing, or nonlinear photometric gain. We suggest that it is caused by a decrease of the temperature gradient in the upper photosphere, in the region above approximately t 5000 = 0.5. The small increase in effective temperature that might accompany this limb-darkening variation is estimated using a standard radiative equilibrium photospheric model. We note that the increase of effective temperature corresponds in sign with an increase in the solar irradiance reported between September 25 and 26 from both the Nimbus 7 ERB and the SMM ACRIM radiometers.
I. INTRODUCTION
The first attempt to correlate changes of photospheric limb darkening with variations in the solar constant was made by Abbot (1922) . Abbot's pioneering photometric measurements and radiometry were insufficiently precise to demonstrate a clear relation, but considerable advances have since been made in the measurement of both the solar irradiance and limb darkening. Satelliteborne cavity radiometers have detected variations in the solar constant below the 0.1% level (Hickey et al. 1980; Willson et al. 1981) , and accurate limb darkening measurements have been made by Pierce and Waddell (1961) , Pierce and Slaughter (1977) , Pierce, Slaughter, and Weinberger (1977) , Mitchell (1981), and Wittmann (1980) . Improved models of the solar atmosphere (see, e.g., review by Avrett 1977) also allow a better physical understanding of possible correspondence between observed limb-darkening variations and changes in the emergent radiative flux.
In this Letter we report the first results of a synoptic program initiated in 1980. We explain the method and observing procedures, and note that a significant change observed in the limb-darkening function in 1980 September corresponds to an increase in the solar constant reported at the same time from satellite radiometric data. This change in limb darkening can be interpreted as a net decrease in photospheric temperature gradient, accompanied by a small increase in effective temperature.
II. OBSERVATIONS
In 1980 we obtained 330 limb-darkening scans using the McMath Solar Telescope and main spectrograph at Kitt Peak. Observations were made in three runs covering a total of 7 days in July, September, and October in the continuum windows at 4451.25 À and 6604.00 À. The large majority of the measurements were made at L89 1982ApJ...253L..89R L90 the former wavelength, and those data are analyzed in detail here.
The instrumentation has been described in detail elsewhere (Pierce and Slaughter 1977) . An individual observation is made by stopping the telescope drive and allowing the 77 cm solar image to drift across the 10 X 0.1 mm entrance slit (oriented perpendicular to the direction of motion). The wavelength was accurately determined by centering the 0.1 A wide exit slit on the appropriate continuum window in a scan displayed at high dispersion on a cathode-ray screen. The spectrometer photomultiplier output is preamplified, filtered, digitized, and recorded on magnetic tape. The result is a drift curve of 4096 data points.
Scattered light was measured by periodically running a drift curve with the double-pass spectrometer's intermediate shutter closed. The amplitude and time behavior of this effect are discussed in § III. Linearity of the electronics was measured by placing a voltage-stabilized tungsten lamp above the entrance slit and closing and opening the intermediate shutter to produce a step function in intensity. Subsequent analysis of the curves produced in this way shows a gain instability of several percent lasting for about 30 s after the shutter was opened. This instability appears as an asymmetry in the drift curves; the leading edge being several percent lower than the trailing edge in the range cos 0 < 0.8, where 0 is the usual heliocentric angle.
The instability seems to be due to hysteresis effects in the photomultiplier caused by charging of the dynode standoffs (e.g., Youngbluth 1970). Since the gain stabilizes well before Sun center crosses the entrance slit, the trailing edge of each curve may be considered reliable.
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Steps are being taken to eliminate this asymmetry in future observations, but we do not include the leading edge in the analysis which follows. Curves which showed electrical dropouts or unusual noise were also rejected, leaving a total of 243 usable curves.
III. ANALYSIS AND RESULTS

a) Reduction Procedure
In the first step of the drift curve analysis, the east and west solar limbs were defined as lying at the inflection points of the drift curve, and the intensity was transformed into coordinates of /i = cos 0.
Many methods exist for correcting the data for the effects of seeing and scattered light (for a discussion of this problem, see Pierce and Slaughter 1977) . In the region 0.15 < jtt < 1, it has been shown that corrections for seeing at A4451 are below 0.1%.
Analysis of the scattered light curves showed that its amplitude remained constant to within a few tenths of a percent during the September observing run, at 1.4% of the observed intensity at each point of the disk. During the July and October runs this value was 1.7%. Since the scattered light was found to be directly proportional to the observed solar intensity at each point, it was simply subtracted.
The intensity curves were smoothed by a least-squares fit to a fifth order power series in £ = In /i (Sykes 1953; Pierce and Slaughter 1977) . The coefficients of the leastsquares fit are then used to evaluate the limb darkening at 9 values of /x, and the intensity at each point is averaged for each day's run. ROSEN ETAL. In addition, we have calculated the mean intensity over the disk, / A , from
This number serves as a useful independent check of global changes in the limb darkening.
A typical drift curve is shown in Figure \a . The principal source of noise is solar granulation. The typical amplitude of this noise near Sun center is 2%-3%. Figures \b and 1c show the reduction in noise obtained by averaging an entire day's run (20 and 60 curves for September 25 and 26, respectively).
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days. The general shape of the solar constant fluctuation also appears to be similar. Precision of the ACRIM data is estimated to be at the 10" 5 level (Willson et al. 1981) , although the increase seen in the Nimbus 7 data is at the limit of resolution.
c) Interpretation of the Observed Variations
To interpret the observed variations in terms of a change in effective temperature, we have computed a family of three radiative-equihbrium model atmospheres parameterized by different effective temperatures (5750, 5770, and 5800 K). Although none of these models fit
VARIATIONS IN PHOTOSPHERIC LIMB DARKENING b) Results and Error Analysis
A summary of our measurements is presented in Figure 2 . The upper nine curves give normalized intensities at each value of /t. The abscissa gives the date of each observation. Analysis of errors indicates that the 3 a uncertainty in the daily mean of intensity is between 0.08% and 0.12% over the range of 0.15 < /i < 1. The lower three curves give the monochromatic mean intensity / and solar constant data from satellite radiometry (Hickey 1981; Willson 1981) .
During our September run, the limb darkening underwent a large fluctuation, which takes the form of a significant increase of limb intensity (normalized to /i -1) with time. The increase is progressively more apparent at values of /i < 0.7. At /i = 0.3 the relative increase is ~ 2%. For fi < 0.3 the fluctuation is of larger amplitude and does not appear to be monotonie. We note also that between September 25 and 26 the mean intensity, / A , increased by 0.3%, from 0.7457% ± 0.2% to 0.7480% ± 0.08%.
To check whether the observed variations could be caused by cross talk in the polynomial fitting procedure between points near Sun center and the limb (where the fit is more susceptible to, e.g., seeing variations), we have calculated the relative increase between these days directly from the original intensity data in Figures \b and 1c. These direct differences (Fig. \d) confirm the results derived from the polynomial fits.
The increase in intensity seen in Figures \d and 2 is much larger than possible changes due to variations in scattered light or seeing, at least at 0.15 < ja < 0.5. Over the September run, scattered light changed by less than a few tenths of a percent. In addition, at each point of the drift curves, the amplitude of the scattered light was found to be proportional to the observed intensity, indicating that changes in intensity are not due to variations in scattered light closer to the center of the image.
It is interesting that the observed limb-darkening fluctuation is paralleled by a relatively large increase (~ 0.05%) in the solar constant data between the same Fig. 2. -The upper nine curves represent normalized intensity for each value of fi. The abscissa represents the date of each observation and is not drawn to scale. The third curve from the bottom gives the mean intensity averaged over the disk for \4451, as defined in eq. (1). The lowest two curves give solar constant radiometry (Hickey 1981; Willson 1981) .
PC O' ! 00 00 LO CM ^0 ft CM 00 L92 the observed limb darkening at À4451 to better than a few percent, we beheve that the change of limb darkening with effective temperature found in the models does give a useful estimate of at least the sign of the emergent flux change that we might expect between September 25 and 26. Comparison of the sense of change in the observed and calculated limb-darkening functions indicates that the observed decrease of limb darkening can be associated with an increase in effective temperature and total flux, and with an overall decrease in the temperature gradient. Additional atmospheric modeling is required to establish the amplitude of the effective temperature variation for meaningful comparison with the satellite radiometry.
However, the size and location of the change in temperature gradient can be estimated from the equation of radiative transfer:
where S x (r x ) is the source function at optical depth t x (taken in LTE to be the Planck function). This equation was numerically inverted, using the limb-darkening functions obtained on September 25 and 26. In the inversion procedure we did not use data closer to the limb than p, -0.3. The temperature profiles calculated from the resulting source functions are shown in Figure  3 . These profiles show that between the 2 days the temperature increased significantly by an amount be- Vol. 253 tween roughly 20 K and 70 K in the region r < 0.5, and that it decreased slightly in deeper layers.
For this inversion we take the intensity at Sun center from the data of Labs and Neckel (1970) and assume it to be constant. A 1% increase in this value would have the effect of increasing the temperature at every optical depth by between 10 K and 20 K, leaving the temperature gradient relatively unaffected.
Photospheric magnetograms obtained on September 25 and 26 (Fig. 4 [PI. L6]) show a large area of magnetic activity appearing at the limb between these 2 days just at the point where our diameter scans (indicated by the arrow) exit the disk. Since the change in intensity is apparent at values of /i well away from this activity, we conclude that the observed variation is not directly associated with the spots and faculae within the active center.
IV. DISCUSSION
The observations presented here provide evidence for the existence of significant limb-darkening variations on time scales as short as 1 day. They further imply that such variations might be associated with detectable changes in total luminosity. They suggest that a component of reported variations in the solar constant might be due to changes in the temperature gradient in the upper photosphere on a global scale. Additional evidence for such global-scale temperature changes has been reported by Livingston and Holweger (1981) who have monitored temperature sensitive photospheric absorption lines between 1976-1980 as a diagnostic for variations in photospheric effective temperature.
It is interesting that our observed limb-darkening variation is much larger in relative magnitude than the corresponding change in the solar constant. This is apparently due to the fact that the effective temperature and luminosity are determined near r = 1, where temperature changes were small (see Fig. 3 ); whereas the limb darkening also provides information on higher levels in the atmosphere where the temperature increase was larger. If this behavior is confirmed by future observations, it would suggest that limb-darkening measurements may offer a relatively sensitive, indirect diagnostic for changes in the solar constant.
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